Moyamoya disease is a rare neurovascular disorder which may specifically require anaesthesia for revascularization procedures or management of subarachnoid haemorrhage. lWo recent cases of Moyamoya disease reflecting the two typical presentations are reported and discussed emphasizing the particular anaesthetic considerations in this disease.
CASE REPORT Case 1
A 33-year-old Chinese male presented following a brief history of dizziness, then loss of consciousness. He had a past history of good health and no significant family history. Physical examination revealed a Glasgow Coma Scale score of 8 with a right hemiplegia. He was intubated and transferred for a cerebral CT scan which indicated a subarachnoid haemorrhage. A cerebral angiogram was performed but no cerebral aneurysm was identified. The angiogram did, however, confirm a diagnosis of Moyamoya disease (Figure 1) .
The patient was transferred to the operating theatre and underwent an emergency craniotomy, evacuation of intracerebral haematoma, and insertion of an intracranial pressure monitor. ECG, pulse oximetry, capnography and direct arterial and central venous pressure monitoring were established prior to induction of anaesthesia which consisted of thiopentone 150 mg, incremental doses of fentanyl 50 mcg X 4, continuation of an atracurium infusion, and controlled ventilation with 60070 N 2 0 in O 2 and isoflurane. The scalp was infiltrated with local anaesthetic and adrenaline prior to incision. Arterial saturation was maintained at 99-100070, body temperature at 36°C, and end-tidal carbon dioxide (ETC0 2 ) 4.8-5.2 kPa (confirmed by arterial blood gas analysis). The patient was ventilated postoperatively in the Intensive Care Unit. He was extubated some days later with a residual right hemiplegia, expressive and receptive dysphasia.
Case 2
A 33 kg, lO-year-old Chinese male with Moyamoya disease was scheduled for right superficial temporal to right middle cerebral artery anastomosis. He initially presented at five years of age with right upper limb weakness, aphasia, and drowsiness. He improved over the next few days and a cerebral CT scan showed a left frontoparietal infarct. Cerebral angiography was unsuccessful. Following this he had frequent episodes of left-sided weakness and left facial and upper limb paresthesia which lasted a few seconds to minutes and were precipitated by crying. In March this year he suffered a left transient ischaemic attack. Magnetic resonance angiography ( Figure 2) suggested Moyamoya disease and this was confirmed by cerebral angiography, showing right and left anterior and middle cerebral artery occlusions near their origins and the presence of a fine network of vessels around the basal ganglia (the Moyamoya vessels-"puff of smoke" vessels). The boy had no other medical illnesses and no significant family history.
On the day of surgery the child arrived in the operating theatre unpremedicated, calm and cooperative. He was preoxygenated and non invasive monitoring (NIBP, ECG and Sp02) established prior to induction. Intravenous induction consisted of thiopentone 150 mg, fentanyl 50 p,g, and atracurium 20 mg with controlled ventilation using 60070 N 2 0 in O 2 and isoflurane. Direct arterial and central venous pressure monitoring were established following induction.
Throughout the procedure intravascular volume was maintained with close monitoring of pulse, blood pressure, CVP, urine output, and blood loss; normothermia was also maintained (36.2-36.6°C); ETC0 2 ranged between 5.1 and 5.6 kPa (confirmed by arterial blood gas analysis), and oxyhaemoglobin saturation of 98 to 100070. Right superficial temporal to right middle cerebral artery anastomosis failed due to the small size of the right middle cerebral artery and so a right duroarterioencephalosynangiosis was per- formed. The child was extubated at the end of the procedure, made an unremarkable recovery, and was discharged about one week later.
DISCUSSION
Moyamoya disease is a rare cerebrovascular occlusive disorder first described over 30 years ago. The majority of early cases were Japanese but cases in other racial groups have been reported l • 2 . The incidence is higher in females and childhood presentations are more frequent than adult presentations 2 .
The clinical presentation is divided into two main groupSl. The first group consists of children who present with transient neurological deficits-typically hemiplegia, hemiparesis, or speech disorders. Convulsions may occur. These transient episodes are precipitated by periods of hyperventilation, exercising, crying, and changes in body temperature. The second group are adults whose first presentation is usually due to subarachnoid haemorrhage.
The aetiology of this disease is unknown, although familial aggregation was shown in 7% of 600 cases in Japan'. The primary pathology is one of intimal thickening leading to vessel occlusion and formation of a fine network of collateral vessels containing microaneurysms due to weakness of the internal elastic lamina'. The incidence of saccular cerebral aneurysms in adults with Moyamoya disease is higher than the general adult population and more frequently occurs in the vertebrobasilat circulation.
The diagnosis is based on cerebral angiographic findings. Typical features are bilateral stenosis or occlusion of the distal internal carotid arteries with reduced or absent flow in the anterior and middle cerebral arteries, a fine network of abnormal vessels around the basal ganglia, and a collateral supply from the vertebrobasilar system to the anterior and middle cerebral artery territories I. These radiological features can occur in a number of other disorders which should be considered-neurofibromatosis, infection (meningitis, tuberculosis, leptospirosis), inflammatory disorders (post irradiation, connective tissue disorders), sickle cell disease, glycogen storage diseases, Marfan's Syndrome and tuberous sclerosis'.
Medical management has included antiplatelet therapy, calcium channel antagonists, and reduction in blood viscosity2. Surgical management has included cervical sympathectomy, extracranial to intracranial anastomosis such as the superficial temporal artery to middle cerebral artery, and more recently duroarterioencephalosynangiosis which involves laying a scalp artery onto the brain surface to promote revascularization 2 • Temporalis muscle with blood supply and omentum have also been used 6 Accounts of anaesthesia for patients with Moyamoya disease are few in number 2 . 6 . 11 • It is, however, quite clear that the anaesthetic management has a critical role in patient outcome. In 1983, Sumikawa' anaesthetized two Moyamoya patients with a neuroleptanaesthetic technique and used controlled ventilation to maintain the PaCO z between 4.0 and 4.6 kPa. These patients both had significant severe neurological deficits postoperatively which lasted at least one month. He administered another five general anaesthetics to Moyamoya patients using a spontaneously breathing technique of NzO in Oz and halothane (ETCO z 5.3-6.6 kPa), none of them suffered any postoperative neurological complication. He concluded that hypocapnia was detrimental in these patients producing cerebral vasoconstriction leading to cerebral ischaemia and that the ETCO z should be maintained at 5.3-6.6 kPa. In 1985, Bingham 6 reported a young boy who required intubation and ventilation due to right hemiplegia and severe inspiratory stridor who deteriorated whilst being hyperventilated (P a C0 2 3-4.5 kPa) and improved on weaning from the ventilator. He was subsequently diagnosed with Moyamoya disease and required three general anaesthetics for CT scanning, left and right encephaloduroarteriosynangiosis. These were all conducted spontaneously breathing N 2 0 in O 2 and halothane with an ETC0 2 of 5.4-7.1 kPa and no postoperative deterioration in his neurological state. He therefore recommended this technique with normocapnia or slight hypercapnia. In 1987 2 , seven patients who had received inhalational anaesthesia using N 2 0 and isoflurane (with the P a C0 2 maintained between 4.6-5.9 kPa) were reviewed. Two patients suffered grand mal seizures postoperatively and one patient had a transient hemiplegia lasting less than 24 hours. None developed any new permanent neurological deficit. The authors stated that their findings support the maintenance of normocapnia when anaesthetizing these patients. In 1991, Martin0 8 anaesthetized three children for five surgical procedures. In all five cases, the PaCO z was reduced as low as 3.1-4.0 kPa. Enflurane, halothane or isoflurane were used and were claimed to offer the distinct advantage of cerebral vasodilatation and reduced cerebral metabolic rate when compared with hyperventilation under neuroleptanaesthesia which had caused postoperative neurological deficits'.
Two recent case reports 9
• IO have highlighted the successful management in non-neurosurgical patients. Both were parturient women undergoing caesarean section, one under epidural anaesthesia and the other a general anaesthetic using NzO, isoflurane and controlled ventilation. Both made unremarkable recoveries. However, there is also a report of con-vulsions and temporary hemiparesis occurring in a fiveyear-old boy with previously undiagnosed Moyamoya disease, two hours following spinal anaesthesia for circumcision l2
• The authors do not identify a precipitating cause but perhaps spinal anaesthesia, which may cause rapid falls in blood pressure and cerebrospinal fluid leakage, should be avoided.
Some studies have looked at cerebral blood flow in Moyamoya disease ll ,J3. With the lllXe inhalation technique, the cerebral blood flow increased in the temporo-occipital region and was reduced or unchanged in the frontal region when 5% CO 2 was inhaled 13. During hypocapnia regional cerebral blood flow was uniformly reduced. Using the laser-doppler method to assess cortical blood flow in ten Moyamoya patients undergoing superficial temporal artery to middle cerebral artery anastomosis under general anaesthesia with NzO in O 2 and isoflurane, Kurehara and colleagues found a significant reduction in cortical blood flow during hypercapnia (6.3 ±O.3 kPa)1 \ Since Moyamoya disease predominantly affects blood supply to the frontoparietal regions of the brain and the posterior cerebral circulation is intact, it is clear that hypercapnia will result in vasodilatation in the COz-reactive temporo-occipital region leading to intracerebral steal from the maxim ally dilated non-COr reactive frontoparietal collateral vessels. These collateral vessels, however, still retain their ability to vasoconstrict in response to hypocapnia, and therefore to reduce cortical blood flow in the frontoparietal regions (no inverse steal or Robin Hood effect). It would seem prudent, therfore, to maintain normocapnia in these patients to promote maximal cerebral blood flow.
In both cases presented, the maintenance of cerebral perfusion pressure and normocapnia contributed to the absence of new neurological signs in the postoperative period. The anaesthetic technique chosen should consider factors which reduce cerebral metabolic rate without inducing cerebral vasodilatation. The use of thiopentone, fentanyl, isoflurane ± N 2 0 with muscle relaxation and controlled ventilation to maintain normocapnia appears a satisfactory technique.
